Introduction
Gastric cancer is the fourth most common malignancy and the third leading cause of cancer death in men and the fifth leading cause in women (1) .
Many factors are involved in the development of gastric adenocarcinoma. Genetic host (2) and environmental factors, including Helicobacter pylori (H. pylori) infection (3), Epstein-Barr virus (4), diet (5), synergize and promote carcinogenesis pathways. However, the regulatory mechanisms involved in the development of gastric cancer remain poorly understood.
An epigenetic event -CpG island methylation of apoptosis and mismatch repair genes by the loss of their function -plays an important role in the development and progression of gastric adenocarci-noma. Epigenetic alterations also affect the expression of cancer genes alone or in combination with genetic mechanisms. The cytosine methylation of CpG dinucleotides in gene promoters is a common cause of DNA silencing and transcriptional repression that can modulate the clinical features of gastric cancer. Recent studies in the Asian population have indicated an important role of gene methylation in the cancer development and clinical variables.
Death-associated protein kinase (DAPK) is a calcium/calmodulin-dependent serine/threonine kinase that participates in apoptosis pathways (6) . DAPK methylation occurs more frequently in H. pylori-positive gastric cancer patients (7, 8) .
There is an inverse correlation between DAPK methylation and microsatellite instability (MSI) (9) . Gene promoter methylation alone or combined with other methylated genes serves as a predictive marker (lower response rate to fluoropyrimidine-based chemotherapy, shorter progression-free survival [PFS] in a metastatic setting), meanwhile DAPK methylation can be a prognostic marker related to shorter overall survival (10, 11) .
CASP8 is a member of the caspase family, which plays a central role in the execution phase of cell apoptosis. There is a lack of data about methylation frequency in the corresponding nontumor gastric tissue and associations with tumor histological characteristics and TNM grading.
The methylation of the DNA repair gene of O(6)-methylguanine-DNA methyltransferase (MGMT) is important for cancer development. Gene promoter methylation is associated with cagA and vacA, which are virulence factors of H. pylori infection (12) . MGMT promoter methylation in patients with gastric carcinoma was found to be associated with the mutations of the KRas gene, tumor stage, and disease-free survival (DFS) (13) . Recent data show that MGMT promoter methylation is also a prognostic marker, and it is related to poor prognosis (14) .
The MLH1 gene, similarly as MGMT, is responsible for the mismatch repair function. A significant association between MSI and MLH1 methylation has been reported (9, (15) (16) (17) (18) (19) (20) .
The importance of methylation of the mentioned genes in the pathogenesis of gastric cancer is significant. More data are becoming available regarding its prognostic and predictive value. Methylation frequency varies greatly, and most data come from East Asia. Therefore, it is important to determine the methylation frequency of gastric cancer gene promoters in Europe, to compare it with the methylation frequency of surrounding tissues, to determine a possible association with clinicopathological characteristics, and to determine the association between the methylation of individual genes.
Material and Methods
Study Population. Patients with histologically confirmed gastric adenocarcinoma were recruited at the Hospital of Lithuanian University of Health Sciences during the period of 2009-2011. Tissue samples were obtained by endoscopy or surgical resection from the tumor and the tumor-free area, which was at least 2 cm distant from the tumor and which was confirmed to be without any tumor cell infiltration by a histological assessment. Gastric tissue specimens were frozen in liquid nitrogen after dissection and stored at -80°C until analysis. Tumors were staged according to the criteria of the 2002 UICC/AJCC staging system for gastric cancer (21) , and histologically subtyped and graded according to the World Health Organization (22) 
Results
The study population comprised 69 patients (39 men and 30 women) with a median age of 64.5 years (SD, 12.7; range, 23-87). The representative cases of methylation are shown in Fig. The methylation frequencies of MLH1, MGMT, DAPK, and CASP8 in the gastric cancer and paired nontumor tissues are presented in Table 2 . The methylation of the CASP8 gene promoter was found to be quite a rare event both in the gastric cancer and the surrounding noncancerous tissue. There were no significant differences in the methylation frequency of the gene promoters between the can-cerous and adjacent noncancerous tissues.
An inverse correlation between the methylation of the DAPK and MLH1 gene promoters was observed in the cancerous (Spearman coefficient, -0.28; P=0.02) and surrounding noncancerous tissues (Spearman coefficient, -0.28; P=0.04). No significant associations between the methylation status of the studied genes and clinicopathological characteristics were found (Table 3) .
Discussion
Our study and the study by Ivanauskas et al. (26) provide more information about the importance of gene CpG island methylation in gastric cancer in our region. The methylation frequency of DAPK in gastric cancer tissues varies from 22% to 91% (6-7, 10, 27-31) . A study by Ye et al. reported that the methylation frequency of the DAPK promoter was significantly higher in the gastric cancer tissue than the corresponding nontumor tissue (30) . The results of our study show a similar methylation frequency of the DAPK gene promoter in cancerous and adjacent noncancerous tissue. There are data available showing that the methylation of apoptosis-related genes correlates with poorly differentiated tumors and the advanced TNM stage (31), but we did not find any significant association between the methylation of the DAPK gene promoter and any pathological characteristics (TNM stage, Lauren tumor type, degree of differentiation G, involvement of lymph nodes) as well as clinical characteristics (age, sex). These findings, however, could be biased by a small sample size in our study, making the comparison between different subgroups difficult.
Only few articles about the importance of meth- ylation of the CASP8 gene promoter in gastric cancer have been published. Our data showed that the methylation of the CASP8 gene promoter was quite a rare event in gastric cancer and surrounding noncancerous tissues. In both paired tissues, the methylation frequency was around 6%, and no significant difference between the compared tissues was observed. The methylation frequency of the apoptosis-related CASP8 gene promoter in this study was lower compared with that of the South Korean study that reported the methylation frequency of the CASP8 gene promoter in the gastric cancer and healthy tissues to be 16.7% and 4.2%, respectively (32) . No significant associations between the methylation frequency of the CASP8 gene promoter and any pathological characteristics (TNM stage, Lauren tumor type, degree of differentiation G, involvement of lymph nodes) as well as demographic characteristics (age, sex) were found. The reported methylation frequency of the MGMT promoter in gastric cancer ranges from 6.9% to 61% (15, (27) (28) (33) (34) , while it is reported to be 5.7% in the adjacent nontumor tissue (28) . Our study showed a higher methylation frequency of MGMT in the nonmalignant (44.9%) than malignant (36.2%) tissues, but the difference was not significant. It could be related to technical aspects as our test was not quantitative but qualitative. Some data indicate that the methylation of the MGMT gene occurs more frequently in lymph node-positive gastric cancer (13, 35) . Our results do not contradict the literature data, but are not statistically significant. In line with the above mentioned genes, no significant association between the methylation of the MGMT gene promoter and clinicopathological characteristics of patients with gastric cancer was found as well. According to the published data, the methylation frequency of the MLH1 gene promoter in gastric cancer tissues varies greatly, i.e. from 14% to 65.3% (9, 34, 35) . However, the methylation frequency of the MLH1 gene promoter determined in our study was higher compared to the previously published results in the European study by Balassiano et al. (31.9% and 14.2%, respectively) (34) . Some data have indicated that the methylation of the MLH1 gene promoter occurs more frequently in the gastric cancer tissue compared with the adjacent noncancerous mucosa (35) . In our study, the difference in the methylation frequency between cancerous and noncancerous tissues was 4%, but it was not significant. The methylation of MLH1 could be a diagnostic marker for gastric cancer, but further studies involving a larger number of patients are needed to confirm this, as the methylation frequency of MLH1 in cases of chronic gastritis is very low and does not reach 2% (24) . A high methylation rate of surrounding noncancerous gastric tissues may indicate an association with local relapse frequency. This hypothesis should also be tested in future research. A Polish study reported that the MLH1 gene was hypermethylated more frequently in women than men (36) (9, (15) (16) (17) (18) (19) . Our results indicate that the methylation frequency of MLH1 inversely correlated with that of the DAPK gene promoter, which corresponds to the data presented in a study by Ferrasi et al. (9) , reporting an inverse correlation between DAPK hypermethylation and MSI. This correlation was also confirmed in the surrounding noncancerous gastric tissue in our study. Our study design has certain limitations. Further studies are needed to compare methylation patterns in gastric adenocarcinoma and adjacent tumor-free tissues with those of tissue specimens obtained from a healthy control group. The assessment of the gene methylation pattern in premalignant gastric lesions (atrophic gastritis and intestinal metaplasia) could also give additional insights in elucidating the role of methylation of the selected genes.
Conclusions
The methylation of the MLH1, MGMT, DAPK, and CASP8 gene promoters occurs in cancerous as well as noncancerous stomach tissues. An inverse correlation between the methylation of the MLH1 and DAPK promoter genes was found. Our findings provide additional insights in the puzzle of gene methylation patterns in gastric adenocarcinoma.
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